In many oscine birds, song learning is affected by social variables, for example the behaviour of a tutor. This implies that both auditory and visual perceptual systems should be involved in the acquisition process. To examine whether and how particular visual stimuli can affect song acquisition, we tested the impact of a tutoring design in which the presentation of auditory stimuli (i.e. species-specific master songs) was paired with a well-defined nonauditory stimulus (i.e. stroboscope light flashes: Strobe regime). The subjects were male hand-reared nightingales, Luscinia megarhynchos. For controls, males were exposed to tutoring without a light stimulus (Control regime). The males' singing recorded 9 months later showed that the Strobe regime had enhanced the acquisition of song patterns. During this treatment birds had acquired more songs than during the Control regime; the observed increase in repertoire size was from 20 to 30% in most cases. Furthermore, the copy quality of imitations acquired during the Strobe regime was better than that of imitations developed from the Control regime, and this was due to a significant increase in the number of 'perfect' song copies. We conclude that these effects were mediated by an intrinsic component (e.g. attention or arousal) which specifically responded to the Strobe regime. Our findings also show that mechanisms of song learning are well prepared to process information from cross-modal perception. Thus, more detailed enquiries into stimulus complexes that are usually referred to as social variables are promising.
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Oscine birds that are reared by hand and tutored in the laboratory differ in their social demands for learning songs. Some species will readily learn from taped exposure to the species-typical song patterns, while others are strongly biased to acquire their songs from live, interactive tutors. Follow-up studies on these differences have monitored or manipulated the quality, amount or timing of social stimulation and have found a wide range of contextual variables that bias acquisition, such as parental care, aggression or closeness of the tutor (for reviews see Baptista & Gaunt 1997; Nelson 1998) . Such findings call into question whether selective learning is based on complex social mechanisms, which may tag, for example, song stimuli as significant or not depending on the tutor's presence or behaviour. Rather, learning 'more', 'better' or 'longer' from social exposure could ensue from perceptual mechanisms that make young birds more aroused or more attentive to the tutor's vocalizations. Originally this notion was put forward to account for object preferences in filial imprinting (for a review see Bolhuis 1991). As suggested by ten Cate (1994), such factors should be considered and empirically tested in the song learning of birds as well. The study that we report here was designed to elucidate these issues for the song acquisition system. In particular, we sought to devise an experiment that examined whether selective learning could be triggered through basic perceptual mechanisms, stimulated through, for example, visual input provided by the tutor's presence. The study was done on hand-reared nightingales, Luscinia megarhynchos. In our experimental set-up, the birds develop a large repertoire of different song types through precise imitations of master songs which they experience in a special playback design (review in Todt & Hultsch 1996) : the human caregiver, who rears them, faces the caged birds with a loudspeaker placed in front of him or her. Such visual contact with the human caregiver during the tutoring crucially enhances song learning, compared with just being exposed to the playback tape (Todt et al. 1979) .
The fact that nightingales accept their human caregiver as a song tutor allows us to add to the training context well-defined, additional cues that might attract the birds' attention. For the sake of controllability we used visual
